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Abstract

Background: Medical manifestations in the form of incisions, burns, and trauma will trigger a natural wound-healing
process that involves complex interactions between cells. Brazilin and other secondary metabolites found in Sappan
wood have numerous bioactive qualities, including anti-inflammatory, anti-cancer, and antioxidant properties.

Aim: This study aimed to investigate the efficacy of Sappan wood (Caesalpinia Sappan L.) ethanol extract topically
on the incision wound healing of albino rats.

Methods: Twenty male rats were randomly assigned into five groups with four replications, i.e., (C-) was treated
ointment-based, (C+) was treated with 10% povidone-iodine, (T1, T2, and T3 groups) were treated with Sappan wood
extract concentration for 6.5%, 15%, and 30%, respectively. The treatment was topically administered to wounded
areas twice a day for 15 days. Wound healing was evaluated histologically as the following parameters collagen
deposition, polymorphonuclear neutrophils (PMN), angiogenesis, and fibrosis degree using H&E staining. 1L-2
level was evaluated using the enzyme-linked immunosorbent assay (ELISA) method. Wound length reduction was
calculated on days 8 and 15.

Results: As a result, the 6.5% (T1), 15% (T2), and 30% (T3) Sappan wood extract groups were improved significantly
(p < 0.05) compared to ointment-based (C-) and povidone-iodine (C+) groups on the collagen deposition, PMN,
angiogenesis, fibrosis degree, and IL-2 level. In particular, the 6.5% (T1) Sappan wood extract group was highlighted
significantly (p < 0.05) compared to other groups, evidenced by the improvisation of wound healing parameters and
reduction of wound length on days 8 and 15.

Conclusion: In conclusion, a 6.5% Sappan wood extract revealed its applicability to improve incision wound healing
in albino rats.

Keywords: Drug safety, Incision wound, Sappan wood, Wound healing process.

Introduction

A wound is an anomaly on the skin caused by injury
to tissue units or components. Accidental skin wounds
can result from accidents or from cuts and scratches to
the skin. A wound may also be intentionally caused, for
example, by making an incision wound for a surgical
procedure. Wounds typically result in discomfort,
bleeding, incapacity, and difficulties during therapeutic
procedures (Stanley, 2017).

The wound healing process is complicated because it
involves multiple interconnected phases, including
phases of inflammation, proliferation, and remodeling.
An essential element in the healing of wounds is
collagen (Triana et al., 2020). Collagen has a role

in wound healing through its capacity to maintain
homeostasis and interact with fibronectin and platelets.
Platelet aggregation and activation resulting from the
contact of fibrillar collagen with blood would release
chemotaxis factors, initiating the wound healing
process (Hosseinzadegan and Tafti, 2017). Moreover,
collagen may accelerate the fibroplasia process, cellular
components, growth factors, and fluid exudation (EI-
Hamoly et al., 2019).

The most popular method for promoting wound healing
is 10% povidone-iodine. Povidone-iodine was selected
as the most preferred treatment due to its antibacterial
action, ability to produce angiogenesis, and ability to
reduce inflammation (Bigliardi ef al., 2017). In vitro
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studies suggested that the use of povidone-iodine as
a wound-healing treatment was debatable due to the
possibility of side effects (Punjataewakupt et al., 2019).
Povidone-iodine may also prevent fibroblast growth
since fibroblast migration and proliferation in the
injured area are factors in wound healing. Fibroblast
proliferation controls the healing outcome of the wound
by influencing the re-epithelialization process, which
closes the wound, and produces collagen. The potential
for wound healing may be compromised by a slowed
rate of fibroblast proliferation (Rodrigues et al., 2019).
The use of herbal remedies, for example, is also favored
more because of its low cost and high degree of safety.
Numerous natural resources, including Sappan wood
(Caesalpinia sappan L.), may be found in the tropical
nation of Indonesia. The Sappan wood is a member of
the Leguminosae family, also known as Brazilian wood
in general. The biological effects of Sappan wood
include anti-inflammatory, antibacterial, antioxidant
activity, allergy, nuclease activity, and analgesia (Vij
et al., 2023). Flavonoids, saponins, alkaloids, tannins,
phenolics, and brazilin were the secondary metabolites
that were active in Sappan wood. Alkaloids, saponins,
and flavonoids have anti-inflammatory, antifungal, and
antioxidant effects. Tannins also have the potential to
produce antiviral and antibacterial activity. Brazilin, a
particular chemical found in Sappan wood, has anti-
inflammatory properties (Ahmad ez al., 2021). Based on
the scientific evidence literature, Sappan wood, which
is widely accepted, offers therapeutic benefits. The
primary objective could suggest that the heartwood of
Sappan wood has a great deal of therapeutic potential.
It is recommended to utilize wood rather than logwood
when using medication. It is widely utilized in Unani
and Ayurvedic therapy. Brazilin has a high level of
latent pharmacological activity, healing, anticancer,
antidiabetic, and immunostimulant qualities. Numerous
studies have demonstrated the many health benefits
of sappan wood, although the precise mechanism
underlying these benefits is still unclear (Vij et al.,
2023). As previously explained, an investigation in this
study was required to determine the effectiveness of
Sappan wood on incision wound healing in albino rats.

Materials and Methods

Animals

The Federer formula was wused to calculate the
sample size for each group: #(n—1) > 15, yielding
n > 4; here, ¢ represents the number of groups and n
denotes the replication sample size. For each group
in this investigation, a minimum sample size of four
animals was used. This formula design was taken
into consideration because of two related factors:
replication and randomization are required in order to
provide a reliable estimate of the error variance of a
contrast. A total of 20 male, healthy, and deformity-free
albino rats were included in this study, then divided into
five treatment groups with four replications, i.e., (C-)

treated with ointment-based, (C+) treated with 10%
of povidone-iodine, (T1) treated with 6.5% of Sappan
wood extract, (T2) treated with 15% of Sappan wood
extract, and (T3) treated with 30% of Sappan wood
extract, respectively.

Topical ointment preparation

Sappan woods were collected, washed, and allowed to
dry under direct sunlight exposure for two days. They
were then blended and sieved through a strainer with
an 80-mesh diameter. A total of 2000 g of the powder
product was kept in a container that was securely
closed and then submerged in a 95% ethanol solution
under reflux circumstances for three days at 27°C to
continue achieving these properties. After that, the
filtrate of the ethanol extract was concentrated using a
rotary evaporator until viscous semi-solid masses were
the result. The concentrations of 6.5%, 15%, and 30%
as they relate to in vitro wound healing performed in
these treatment groups. The fusing process was used
to make the ointment bases, which were hydrophilic
petrolatum (HP), absorptive ointment (AO), and
hydrophilic ointment (HO). Using an ointment spatula,
the ointment bases and Sappan wood extract were
homogenized on a ceramic slab as part of the method.
The ointment base was mixed in the same method after
the hydrophilic polymer was added. After being further
combined in a water bath that had been heated to 80°C,
the kneaded mixture was allowed to cool at 27°C.
Incision and treatment procedure

To simplify the incision process, the rats in all groups
had their paravertebral region, measuring 3 x 2.5 cm,
shaved off. The rats were sedated beforehand with
ketamine and diazepam (100 and 5 mg/ml) at a dose
of 1 ml/kg BW before the creation of the wound. The
incision was then made in the area that had been shaved,
measuring 3 x 0.25 x 0.01 cm, directly toward the
caudals (Yuniarti et al., 2018). Subsequently, a cotton
bud was used to apply Sappan wood extract in ointment
based on certain groups and Betadine® ointment (Batch
No. PKD20501710078, Mundipharma Healthcare,
Indonesia) to others as a topical treatment. During 8
and 15 days, those treatments were administered twice
a day with a 12-hours gap. Following their ether-per-
inhalation sacrifice, the albino rats’ skin tissue and
blood were collected. Using a scalpel, skin tissue was
removed from the top, bottom, right, and left sides of
the incised wound at a depth of 0.5 cm and more than 1
cm to prepare the tissue for histology.

Postoperative care

During the 15 days of the study, each rat was provided
with a diet that was appropriate for meals and regular
access to water while being kept individually in
standard laboratory cages. During the study, clinical
signs at the spot of the incision were monitored every
day to assess any irregularities or possible infections.
On days 8 and 15, the reduction in incision length
was assessed using the vernier caliper in centimeters
(cm).
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Histopathological evaluation

The following was the definition of the histologic
criteria for wound healing evaluation, i.e., A) Collagen
deposition was scored (2) Normal collagen bundles, (1)
unorganized/edematous collagen, and (0) amorphous
collagen; B) Polymorphonuclear neutrophils (PMN)
were scored (2) PMN cell counts of 0-10, (1) 1-40,
and (0) >40; C) Angiogenesis degree was categorized
into mild, moderate, and severe; D) Fibrosis degree was
categorized into mild, moderate, and severe (Yuniarti
etal., 2018).

Evaluation of IL-2 by ELISA

For the measurement of IL-2, commercial enzyme-
linked immunosorbent assay (ELISA) kits were used
(Endogen, Inc, USA). The usage of the ELISA kits was
done in compliance with the handbooks. The ELISA
kit’s lower detection limits were 6 pg/ml.

Statistical analysis

The format for all the data was mean + standard
deviation. The Kolmogorov—Smirnov normality test
was implemented to examine the distribution of the
data. Analysis of Variance (one-way ANOVA) was used
to investigate continuous variables with parametric
distributions. If the findings were significant, a post
hoc Duncan’s comparison test was carried out. The
Kruskal-Wallis and post hoc Mann-Whitney tests were
used for multiple comparisons on data having a non-
parametric distribution. The statistical program SPSS

Table 1. Average wound length reduction on days 8 and 15.

Length reduction (cm)

Treatment groups

Day 8 Day 15
C- 0.48 £+ 0.96¢ 1.78 £0.15¢
C+ 1.18 £0.13° 2.38 +£0.09®
Tl 1.35+0.13* 2.58 £0.09°
T2 1.00 £ 0.08¢ 2.20+0.23°
T3 0.98 £0.13° 2.30 +0.08°

Values were expressed in the mean + SD. **<4 Different
superscripts on the same column indicated a significant
difference (p < 0.05).

Table 2. Evaluation of the wound healing process on day 15.

(IBM, USA) was used for each analysis. P values <
0.05 were considered as significant.

Ethical approval

The current study was authorized by The Ethical and
Health Research Committee, Universitas Airlangga
with reference No. 452/HRECC.FODM/V11/2021. This
ethical approval was considered to avoid animal abuse
during the study.

Results

Wound length evaluation

There were no adverse reactions on the animals or
the area of the wound during the investigation. At
postoperative days 8 and 15, the wound healing process
was clinically unremarkable in all groups. The reduction
in wound length was reported to be significant in the T'1
group compared to the other groups (p < 0.05) on days
8 and 15 (Table 1).

Histopathological findings

In general, the T1 group was found to be significantly
different from C-, C+, T2, and T3 groups (p < 0.05)
on the wound healing parameters, i.e., collagen, PMN,
angiogenesis, and fibrosis degree. This study’s findings
also indicated that the treatment groups T1, T2, and T3
reported significant compared to C+ (p <0.05) (Table 2).
In comparison to other groups, the C- group had a lower
collagen deposition, closed incision wound region,
angiogenesis, and PMN infiltration (Fig. 1). Compared
to the T1 and T2 groups, the histological figure of the
T3 group indicated less commonly generated collagen
tissue and fibrosis degree (Figs. 1 and 2). Briefly, the
group treated with 6.5% Sappan wood extract (T1)
showed increased collagen synthesis, angiogenesis,
and tissue fibrosis, all of which pointed to a favorable
healing phase.

Evaluation of IL-2 cytokine levels

The T1, T2, and T3 groups were reported the highest
blood serum IL-2 levels on day 15. However, the
ointment with 6.5% Sappan wood extract used in
T1 was improved significantly for wound healing
compared to other groups (p < 0.05) (Table 2).

Discussion

In this study, the C- group reported the lowest collagen
deposition, presence of PMN, angiogenesis, fibrosis

Treatment groups Collagen PMN Angiogenesis Fibrosis IL-2 (ng/l)

C- 0.9+0.19° 1.0+ 0.16° 1.7+ 0.38¢ 1.8 +£0.40° 76.10 £ 0.76°
C+ 1.4+0.16° 1.4+0.19° 2.4 £+ 0.44%® 2.5+ 0.58% 100.15 £ 0.95°
T1 1.7+ 0.26* 1.8+0.25* 2.8 +0.40° 2.8 +0.40° 106.10 £ 1.27*
T2 1.4+0.19° 1.6 +0.25%® 1.9 +£0.25% 2.0 +0.00 95.93 £ 0.69°
T3 1.4 +0.00° 1.6 £0.10® 2.1 +0.19% 1.9 +£0.38% 94.10 +0.32¢

Values were expressed in the mean + SD. “*<4 Different superscripts on the same column indicated a significant difference

(p < 0.05). PMN= Polymorphonuclear neutrophils.
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Fig. 1. Histology of (Black arrows) collagen deposition, (Blue arrows) PMN score, and (Red arrows) angiogenesis degree in

all treatment groups on day 15 (Hematoxylin and Eosin, 400x).
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Fig. 2. Histology of (Black arrows) fibrosis degree in all treatment groups on day 15 (Hematoxylin and Eosin, 400x).

degree, and IL-2 level. The C-group of albino rats
with incision wounds received no compounds or
medications that would have aided in the rats” wound-
healing process, which is how the outcome was reached.
The insufficient presence of advantageous substances
or medications resulted in extended inflammation,
inappropriate wound healing, and sluggish collagen
stimulation (El-Hamoly et al., 2019).

This study revealed that the wound healing parameters
of the C+ group were comparable to the T3 group and
lessen than those of other treatment groups. Povidone-
iodine was administered to the C+ group, which
included antibacterial components, and the outcome
was observed. Antibacterial ingredients stop microbial
development and contamination by inhibiting protein
production, which in turn aids in the healing process
of wounds. By reducing excessive inflammation, this
medication may also result in an increase in collagen
deposition and accelerate the healing of wounds during
the inflammatory phase (Cunha et al., 2019).

The T1 group showed a significant improvement (p <
0.05) in fibrosis degree, angiogenesis, PMN presence,
collagen deposition, and IL-2 compared to the other
treatment groups. This study demonstrated that the
ideal dosage for Sappan wood extract ointment was
6.5%. These outcomes had to do with the Sappan wood
secondary metabolites, which had therapeutic value.
Among the secondary metabolites found in plants,
especially in Sappan wood, are flavonoids, saponins,
tannins, alkaloids, and specific active compounds like
brazilin (Vij et al., 2023).

The bacterial peptidoglycan membrane becomes more
permeable when saponins contact with bacterial cells,
causing the bacteria to be lysed (Fikri et al., 2020).
Saponins have the potential to enhance monocyte

proliferation by increasing the quantity of macrophages
and secreting growth factors that aid in the production
of fibroblasts and the synthesis of collagen in the
wound area (Solikhah ef al., 2022). Additionally,
saponins could quicken keratinocyte migration, which
was crucial to the re-epithelialization process (Shin et
al., 2018). Flavonoids possess the capacity to lower
free radicals as an antioxidant. Free radicals have the
potential to impede wound healing by suppressing
collagen tissue contraction, inflammatory responses,
and cell proliferation (Engwa, 2018).

Several substances found in Sappan wood, such as
brazilin, have antibacterial and anti-inflammatory
properties. Due to its greater antioxidant efficacy
compared to commercial antioxidants like BHT and
BHA, betelain found in Sappan wood has greater
promise as a free radical counter-agent (Fasihnia
et al., 2020). Antioxidants can bind to free radicals
and minimize damage to cell membranes during the
proliferative phase (Acworth et al., 2017). Because
the phenolic compounds in Sappan wood stopped the
chain reaction caused by the emergence of free radicals,
flavonoids, and brazilin were also able to halt oxidation
reactions. As hydrogen donors, phenolic substances
can inhibit the production of free radicals (Zeb, 2020).
The tannin component in Sappan wood extract may
promote wound healing by several cellular processes,
including removing reactive oxygen species and free
radicals, promoting wound grafting, and stimulating
capillary blood vessels and fibroblasts. Tannins served
as astringents, preventing minor bleeding and exudate
to hasten the healing process (Medel-Maraboli et al.,
2017). Fibroblast migration and proliferation in the
wound area were influenced by tannins and saponins
(Rodrigues et al., 2019).
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Humidity was another element that could vary and have
an impact on the outcomes. Because the moisture was
occlusive to water and germs yet permeable to oxygen
and water vapor, wound healing proceeded unhindered
(Panggabean et al., 2023). One of the most crucial
components that affect how cells metabolize energy
and heal wounds through oxygenation responses is
oxygen (de Smet ef al., 2017). Compared to the T2 and
T3 groups, the T1 group had a higher moisture content.
Elevated oxygen levels in the wound tissue could be
caused by sufficiently high moisture levels. Moreover,
collagen production may be accelerated and stimulated
by the fibroblast proliferation process. Oxygenation
and moisture content had an impact on the outcome,
as they were two of the key elements affecting the
wound healing process (Gupta et al., 2022). Reduced
oxygen pressure in wound tissue would be the result
of reduced moisture content. Reduced oxygen pressure
might impact fibroblast, macrophage, and neutrophil
function, leading to a small inhibition of collagen
formation (Wlaschek et al., 2019).

The three stages of the wound healing process are
generally referred to as the inflammatory, proliferation,
and remodeling phases. Proliferating macrophages
gather in the vicinity of the wound during the
inflammatory phase (Hisyam ez al., 2023). Conversely,
the proliferative phase will be accompanied by
the development of collagen, angiogenesis, and
epithelialization (Prastika et al., 2020). In the following
remodeling phase, fibroblasts, collagen, edema, and
new blood vessels will all rapidly form and mature.
In order to keep the tissue strong around the wound,
collagen is essential (Hamid et al., 2018; Spielman
et al., 2023). Put another way, since Sappan woods
have antibacterial, anti-inflammatory, and antioxidant
properties, giving those rats 6.5% Sappan wood extracts
standardized to ointment-based may hasten the healing
of the incised wound relative to other treatment groups.
The process of wound healing will involve the synergy
of these three actions.

Thus, our findings supported the following study
hypothesis that Sappan wood contains active chemicals
that promote wound healing, particularly when used
topically as an ointment. In addition to being an
angiogenic agent, the fibroblast growth factor can also
bind to its receptor and form a complex with heparin,
which increases the latter’s cell activation effectiveness
(Zulueta et al., 2018). The fibroblast population growth
helps quicken the healing of wounds. Three groups
of angiogenic factors can be distinguished as agents
that accelerate mitosis by targeting endothelial cells
making up the first group (Eelen et al., 2020). The
second category consists of compounds that, aside from
endothelial cells, activate a wide variety of target cells.
This group includes several chemokines, cytokines,
and angiogenic enzymes (Lesmana et al., 2023). The
cytokine from this group that was initially described was
fibroblast growth factor 2 (Rani et al., 2022). Indirect

factors make up the third category. Macrophages and
endothelial cells are the producers of these angiogenic
factors. Pathological and physiological processes
involve angiogenesis (Al-Anshori et al., 2023).
Angiogenesis is a naturally occurring, highly regulated
physiological process that is essential to the healing
of wounds in a healthy body (Ramirez-Pedraza and
Fernandez, 2019).

Moreover, Sappan wood can lessen protein translation
and polyethylene glycol-2. Additionally, they efficiently
lower inflammatory cytokine levels, including IL-1, IL-
6, and TNF-a (Haryanti et al., 2018). Lymphocyte cells
produce soluble protein cytokines, such as IL-2, which
serve as intracellular signals and control almost every
aspect of cell life, including growth, proliferation,
and differentiation (Kartikasari et al., 2020). IL-2
is a cell growth factor that controls the proportion of
lymphocytes that are activated. Th-1 cells normally
release IL-2 upon their activation by mitogens or
antigens. Nevertheless, secondary messengers are
necessary for optimum production (Zhu, 2018). These
results reported that the levels of the cytokine IL-2
varied significantly throughout the treatment groups.
This investigation revealed that gels containing
different doses of Sappan wood extract significantly
raised the levels of IL-2 in the blood serum of albino
rats (Tukiran et al., 2023). In rats with iron overload,
sappan wood ethanol extract can also raise total iron
binding capacity (TIBC) and transferrin concentration
while lowering ferritin levels and transferrin saturation.
The ethanol extract from sappan wood may be utilized
as an adjuvant and an alternative to iron chelators
(Pitaloka et al., 2022). A potential limitation of this
study could be the necessity to investigate the degree
to which clinical trials can be utilized to replicate
human use. To fully understand the wound status, more
analysis of the epithelialization period data is required.
On the other hand, no signs of an infection that would
have slowed down the healing process were observed.

Conclusion

In conclusion, applying topically Sappan wood
extract to albino rats’ incision wounds for 15 days
can improve collagen deposition, PMN, angiogenesis,
fibrosis degree, and IL-2 level. In particular, applying
a 6.5% topical concentration of Sappan wood extract
revealed significant efficacy in the reduction of length
and wound healing parameters. Further clinical studies
are required to investigate the epithelialization period
and particular phases of wound healing using electron
microscopy.
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